Materials
and methods 
Results
Large numbers of the cells of Aureobasidium pullulans were in yeast-like phase of growth (blastospore).
Nearly one-fifth of the cells appeared to be in various nuclear divisional states as observed by means of transmission electron microscopy.
Feulgen staining for DNA revealed a positive rection in light microscopic observations of thick sections. A. pullulans cells are known to commonly be multincleate (Pechak and Crang 1977) , but there was little evidence of cytokinesis in the observed specimens. Polyphosphate bodies have been identified previous ly in A. pullulans (see Doonan et al. 1979 , Crang 1980 ), but only in association with the vacuolar system. In many instances, the larger bodies would tend to tear out of the thin sections during ultramicrotomy.
Thus, thick sections were prepared for high-voltage electron microscopy where extensive small bodies could be found throughout the vacuoles even of young budding blastospores (Fig. 1) . The usual site of polyphosphate body accumulation is in the vacuolar system, and the bodies may become quite numerous in some of the larger vacuoles (Fig. 2) .
During the time of mitotic divisions, the intranuclear space becomes partially vacuolated, and polyphosphate bodies of varying sizes could be observed near masses of chromatin (Fig.  3) . Observations of nuclear chromatin in prophase still revealed the presence of numerous small polyphosphate bodies in nuclear spaces (Fig. 4) . Further condensation of the chromatin in late prophase (Fig. 5 ) also showed polyphosphate bodies of varying size, the largest of which were generally more massive than those observed in the earlier phase. However, the elapsed time from inoculation was the same (12hr) for all of the A. pullulans specimens regardless of the divisional stage in which they were found.
Mitotic division in A. pullulans, as in many other fungi, appears to occur without the com plete disappearance of the nuclear membranes. Thus, the division and physical separation of the chromatin into separate nuclear entities resembling anaphase movement occurred, but without the typical chromosomal configurations.
At the same time, polyphosphate bodies were clearly present (Fig. 6 ) near the newly established nuclear structures.
By final division (corresponding to telophase configuration), new nuclei were established at opposite poles of the cells, although without evident cytokinesis. Reduced numbers of polyphosphate bodies were found, although they were still clearly in evidence (Fig. 7) . Verification that these struc tures represented polyphosphates was made by means of energy-dispersive X-ray microanalysis and a resultant spectrum is shown in Fig. 8 revealing a prominent phosphorus peak.
Apparently, polyphosphate bodies have a preferential orientation within perinuclear and nuclear spaces-preferably close to the divisional chromosomes in mitotic cells. At other times, the orientation is generally within cellular vacuoles, but when the seldom-captured events of mitosis occur, polyphosphate bodies are almost non-existant in other parts of the cytoplasm.
Discussion
We have shown that polyphosphate bodies which appear identical to those previously described in a variety of microorganisms (Jensen 1968 , Fisher 1971 , Jensen and Sicko 1974 , Jensen et al. 1977 , Doonan et al. 1979 , Crang 1980 are present in the nucleus and associated with the chromosomes during nuclear division. In addition to the bodies being found in the nucleus and the perinuclear spaces, they may be observed within vacuoles which are the typical site of polyphosphate occurrence in eukaryotic cells (Fisher 1971 , Doonan et al. 1979 . In an early study of yeasts by Lindegren (1947) using light microscopy, polyphosphate bodies on the chromosomes and their apparent movement into the nucleous during cell division were ob served. His report was followed by a more detailed account of the phenomenon and its ob servation in several other fungi (Lindegren 1948 , Lindegren 1951 ). More recently Vorisek et al. (1982) have shown, using a cytochemical metal deposition technique with light micro scopy, that polyphosphates are found extensively in the nucleus of the yeast Saccharomvices cerevisiae.
We suggest that the paucity of reports on the occurrence of polyphosphate bodies in fungi may be due to several factors.
First, cells of fungi are seldom observed in mitosis or meiosis. They apparently divide very rapidly and thus divisional stages are usually missed when cells are fixed and randomly sectioned for electron microscopy.
Second, when cells containing polyphosphate bodies are sectioned by ultramicrotomy, the bodies often tend to fall out of the sections (Jensen et al. 1977) . Thus the investigator is left with a cell with a large hole in it where the body is lost. These kinds of cells are seldom selected for study with the electron microscope. The use of thick sections with high voltage electron microscopy as Polyphosphates in Aureobasidium 89
shown in Figure 1 often aleviates this problem. Jensen et al . (1977) also pointed out that the use of lead staining techniques at high pH tended to dissolve away the polyphosphate bodies leaving holes in ultrathin sections. Third , Lindegren (1948) found that the culture medium must contain adequate sources of nitrogen, carbohydrate, and accessory substances . Some investigators have starved microorganisms of phosphates for a period of time , and then pro vided that nutrient in order to induce polyphosphate body formation (Liss and Langen 1962, Jensen and Sicko 1974) . In the present study fungal growth was without stress , the only dif ference in the medium being that p-nitrophenyl phosphate was used as a phosphorus source in addition to K2HPO4. The p-nitrophenyl phosphate was added with the intent of it serving as a substrate for phosphatase localization (Doonan and Crang 1979) . Possibly, the nutrient conditions necessary for polyphosphate body formation are seldom met among fungi. How ever, polyphosphates still may be present in the nucleus as shown by Vorisek et al. (1982) . The bodies in most cases are composed of phosphorus, potassium, magnesium and calcium (Doonan et al. 1979, Baxter and Jensen 1980) . Evidence indicates that a substantial lipid component is also present (Coleman et al. 1972) . Therefore, the conditions of growth must require that all of these components are available, and the environment such that the bodies will form.
The function of polyphosphate bodies in the nuclei of fungi is not known but several ex planations are possible. The phosphorus transported into the nucleus for the synthesis of new DNA may occur at a constant rate. Thus, after DNA synthesis has taken place, an ex cess may be taken up and then polymerized into polyphosphates. This accumulation may be related to the ATP supply in the nucleus. The ATP is generated in the cytoplasm and in the mitochondria, and then transported into the nucleus. Mitosis in the fungi often is intranuclear. Thus adequate ATP for the division process may not be transported into the nucleus. The cell may have developed an alternate source of energy, which then is needed in large amounts over a short period of time in the form of polyphosphates.
The polyphosphates could be as sembled between cell divisions by the action of ATP. When divisions occur, polyphosphate kinase may release the terminal phosphate groups, and this energy could then be used in the division process. Lindegren (1951) has reported that cell division is maximal in yeast when large amounts of polyphosphates are present, and only slow growth occurs when they are not detectable. Based on our observations (and those of other investigators) of the phenomenon, we suggest that polyphosphate accumulation within nuclear structures may be of more common occurrence in the fungi than generally recognized. 
